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Introduction

During the first year of funding, we accomplished the synthesis of three of the four protected
Linker-Drug conjugates of doxorubicin and 5-fluorouracil (5-FU) proposed in the original application
(Task 1). We have also successfully tested the cyclization activation process of one Linker-Drug
conjugate of 5-FU (Task 2). Some of this work was presented at the 217™ national meeting of the
American Chemical Society in Anaheim, California. Efforts are now focused on the synthesis of the
remaining Linker-Drug conjugate of 5-FU, selective reduction of the nitro and azido group in the
conjugates of doxorubicin, and the kinetic analysis of the cyclization activation process.

Annual Report Body

In our original application, we proposed to accomplish task 1 and part of task 2 during the first
year of funding. Task 1 was to chemically synthesize and characterize four protected Linker-Drug
conjugates of doxorubicin and 5-FU, two anticancer agents that have shown some therapeutic response in
the treatment of advanced prostate cancer (months 1-10). Of the four proposed, we have successfully
synthesized and characterized three. Difficulty in the synthesis of fourth conjugate may be attributed to
the inherent less nucleophilic nature of the aromatic amine.

Task 2 was to determine the kinetics of cyclization-activation process of the Linker-Drug
conjugates in buffered aqueous solutions (months 11-14). We have successfully tested one of the
Linker-Drug conjugates synthesized after selective reduction of the protecting nitro group.

For the convenience of reviewers, I have used the same compound numbers in this progress
report as in the original application. To do this, it was necessary to use suffixes such as 25b and 25¢ to
designate intermediates and analogues.

1) Synthesis of protected Linker-Drug conjugates of doxorubicin and 5-FU

Because of the potential facile cyclization of Linkers having a free amino group to form the
corresponding lactam or cyclic urea, we used synthetic strategies that mask the amino group as an inert
nitro or azido group. Reduction to the corresponding amino group will take place only when needed.

Synthesis of 2-(2-nitrophenyl)-2-methyl-propionic acid-Doxorubicin conjugate (17). As shown in
Scheme 1, we started the synthesis with 2-nitrophenylacetic acid (I4). Esterification of 14 using thionyl
chloride in methanol followed by o, a-dialkylation using sodium hydride and methyl iodide in the

presence of catalytic amount of 18-crown-6 gave the o, a-dimethyl analogue 15 in quantitative yield.
Sodium hydroxide-mediated hydrolysis converted ester 15 to its corresponding acid 16 in 93% yield.

Scheme 1.

0 OH 0 OMe 0 OH 0 Dox v
NO, NO, NO, NO,
a,b | c d
14 15 16 17

a) SOCL/MeOH, 100%; b) Mel/NaH, 18-crown-6, 100%; ¢) 2 N NaOH/MeOH, reflux, 6 hr, 93.0%;
d) HBTU/DIEA, Dox-HCl, 40.0%
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Scheme 2.

OH OSi(#-Bu)Ph.

0 HO OH (-Bu)Ph,

O a y b Ny c
18 19 20
OSi(#-Bu)Ph, 6] OH 0] Dox
N3 N3 N;
-- d,e f -- g --
S —_—
21 22 23

a) MeMgBr followed by H,O, 100%; b) 1.1 eq. +-BuPh,SiCl/imidazole/THF, 92.4%;
¢) NaNs/TFA/CH,Cl,, 73%; d) TBAF/THF, 73.4%; ) PDC/DMF, 100%;
f) NaClO,, NaH,POy,, 64%; g) HBTU/DIEA/DMF, Dox-HCI, 62.6%

Coupling of the acid 16 to the amino group of doxorubicin was accomplished using its HOBt activated
ester to give the protected Linker-Drug conjugate 17 in 40% yield.

Synthesis of 2-(1-azidoisopropyl)-benzoic acid-Doxorubicin conjugate (23). As shown in
Scheme 2, Grignard reaction of the commercially available phthalide (18) with methyl magnesium
bromide gave diol 19 in quantitative yield. The primary alcohol in 19 was selectively protected by
t-butyldiphenylsilyl group to form the silyl ether compound 20 in 92.4% yield. The secondary hydroxyl
group in compound 20 was replaced by an azido group using sodium azide and TFA giving the azido
compound 21 in 73% yield. Deprotection of the silyl ether 21 by fluoride ion and subsequent two-step
oxidation of primary alcohol to the corresponding carboxylic acid afforded compound 22 in 47.0% yield.
Coupling of the carboxylic acid to the drug doxorubicin led to the protected Linker-Drug conjugate 23 in
62.6% yield.

Synthesis of N'-[1-(2-nitrophenyl)isopropylcarbamoyl]-5-fluorouracil (26) and N-(2-
nitrobenzylcarbamoyl)-5-fluorouracil (26b). Scheme 3 shows the synthesis of nitro-Linker-Drug
conjugate 26 of 5-FU starting from compound 16. The acid 16 was first converted to the acyl azide
followed by trapping of the Curtius rearrangement intermediate 25 with 5-FU to give N'-[1-(2-
nitrophenyl)isopropylcarbamoyl]-5-FU (26) in an overall yield of 3.6% (Method A). The strong refluxing
condition and low yield in the last step of this method prompted us to explore an alternative route. Acid
hydrolysis of the Curtius rearrangement intermediate 25 gave the free primary amine 25b. Final
condensation with 5-FU could then be accomplished by reaction of the amine with diphosgene followed
by coupling of the amine-chlorofomate with 5-FU sodium salt (Method B) or reaction of the free amine
with N -chloroformyl-5-FU (Method C). We found that method C offers a very mild reaction condition
as well as a better yield.

To study the effect of the two methyl groups on the rate of cyclization activation process, we also
synthesized N'-(2-nitrobenzylcarbamoy!)-5-fluorouracil (26b), an analogue without the two methyl
groups. As shown in Scheme 4, 2-nitrophenylacetic acid was converted to 2-nitrobenzylamine in 76.1%
yield by treatment with sodium azide and sulfuric acid in chloroform at 50 °C for 1.5 h followed by
neutralization with sodium hydroxide. Coupling with 5-FU by using N’-chloroformyl-5-FU afforded the
desired N'-(2-nitrobenzylcarbamoyl)-5-fluorouracil (26b) in 34.2% yield.
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Scheme 3.

-FU\(
0._~OH 0Nz

=C=

- . - - S
—_— —_—
(Method A)
16 24
2
¢ (Method B)
or f (Method C)

25b
a) CICO,Et/Et;N followed by NaNs, 31.3%; b) reflux, toluene, 2 hr, 79.5%; c) 5-FU/Et;N, toluene, reflux,
18 hr, 14.3%; d) HCl, 32.0%; e) diphosgene/C, followed by 5-FUNa 16.7%; f) 5-FU-COC], rt, 50.0%

Scheme 4.

—FU\(

0 OH
NO,
a
14

a) H,804, NaN3, CHCl;, 50 °C, 1.5 hr, followed by NaOH, 76.1%; b) 5-FU-COC], rt, 34.2%

Scheme 5.
tBoc Boc Q Boc
e e e
No, NH; No, HN NH, HN 5_FUJLNH HN
@2\ a b \
e D — —7\L>
28b 29b

a) (Boc),0, 88.2%; b) H,, 10% Pd/C, 70.9%;

Synthesis of N'-[2-(1-azidoisopropyl)phenylcarbamoyl]-5-fluorouracil (29). We are having
trouble synthesizing this compound as originally proposed because of the inherent difficulty of coupling
an aromatic amine with N’-chloroformyl-5-FU. As shown in Scheme 5, reaction of compound 28b,
where the azido group is replaced by a +-Boc-amino group, with N'-chloroformyl-5-FU failed to give the
desired conjugate 29b. This has been reported by Ozaki and colleagues [1]. We will continue to explore
other methods of synthesis in the second year of support.
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Scheme 6.
-FU\( S—FU\(O 0
- J
0,

R ab RO R

R — R ——— R -+ S5FU

26 R=Me 10 R=Me 11 R=Me
26b R=H 10b R=H 11 R=H

a) H,, 10% Pd/C; b) NaBH,, 10% Pd/C; c) Phosphate buffer, pH 7.4, 37 °C

AOD

Time (min)

Figure 1. The kinetics of cyclization reaction of 2-aminophenylalkylcarbamoyl-FU as
monitored by following the decrease in UV absorption at 235 nm corresponding to
the disappearance of the starting amino starting material. Shown were the best fit
calculated for the cyclization of 2-aminophenylisopropylcarbamoyl-FU (@——m)
and 2-aminobenzylcarbamoyl-FU (@——@).

2) Reductlon of the N'-[1- (2-nitrophenyl)isopropylcarbamoyl]-5-fluorouracil (26) and
-(2-mtrobenzylcarbamoyl)-S-fluorouracll (26b) and the kinetic analysis of the
cyclization-activation process

For the doxorubicin-conjugates 17 and 23, we have yet to find a reduction condition that is
selective for the nitro/azido group over the quinone moiety in doxorubicin. We found that the methods
suggested in the original proposal also affect the quinone functionality. Other methods will be evaluated
in the selective reduction of nitro and azido groups in these conjugates.

The FU conjugates 26 and 26b synthesized were successfully reduced to the corresponding amino
group by hydrogenation and sodium borohydride over 10% Pd/C (Scheme 6). While cyclization occurs
to a greater extent under the condition of sodium borohydride, hydrogenation over 10% Pd/C gave
predominantly the amine intermediates 10 and 10b. The cyclization activation process was then
monitored by UV/Vis spectrometry in 50 mM sodium phosphate buffer, pH 7.4 at 37 °C (Figure 1). As
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discussed in our original application, the two methyl groups in compound 18 were introduced to limit the
rotational freedom of the carbamoyl side chain relative to the amino group so as to increase the rate of
cyclization activation process [2]. To our surprise, we found that N'-[1-(2-
aminophenyl)isopropylcarbamoyl]-5-fluorouracil 10, a conjugate with the two methyl groups, has a half
life of 7.1 min in pH 7.4 phosphate buffer at 37 °C while N’-(2-aminobenzylcarbamoyl)-5-fluorouracil
10b, a conjugate without the two methyl groups, has even a shorter half life of 3.3 min under the same
incubation conditions (Figure 1). Apparently, this system of ours works differently from the literature
system of 2-aminophenylacetates [3]. The products of the cyclization reaction were characterized by
analytical HPLC, NMR, and MS and confirmed by the use of authentic samples.

3) Experimental Section
Synthesis of 2-(2-nitrophenyl)-2-methylpropionic acid methyl ester (15).

0O OH
NO,

L

a) SOCL,/MeOH
b) Mel/NaH, 18-crown-6

14

To a solution of 2-nitrophenylacetic acid 14 (40 g, 0.22 mol) in 240mL methanol was added with
stirring SOCl, (36 mL) over 30 min while maintaining the temperature at 0-4 °C. The reaction mixture
was stirred at 0 °C for 1 h and at room temperature for 18 h. After removal of solvent, the residue was
dissolved with ethyl acetate, washed with water, and dried over MgSO,4. Removal of ethyl acetate under
reduced pressure gave the corresponding methyl ester (45 g, 100%). MS (FAB, NBA) m/z 196.2 (MH",
100%); '"H NMR (300 MHz, CDCL3) & 3.72 (s, 3H, OCH3) 4.04 (s, 2H, CH,), 7.38-8.14 (m, 4H, Ph).

The methyl ester (19.5 g, 100 mmol), Mel (14.3 mL, 250 mmol, 2.5eq) and 18-crown-6 (6.6 g, 25
mmol, 0.25 eq) was dissolved in 130 mL of DMF and stirred at -4-0 °C. A small amount of sodium
hydride (60% in oil) was added slowly until the color suddenly turned to blue; then NaH (9.2g, 230
mmol, 2.3eq,) was added with stirring over 40 min while maintaining the temperature at 0-4 °C. The
reaction mixture gradually turned to a green then yellow slurry after standing overnight. The reaction
mixture was then diluted with ethyl acetate, washed with 1 N HCI, 1 N KHCOs, and brine, and dried over
MgSQO,. Removal of ethyl acetate afforded desired 2-(2-nitrophenyl)-2-methylpropionic acid methyl ester
15(26.9 g, 100%). MS (FAB, NBA) m/z 224.2 (MH", 100%); "H NMR (300 MHz, CDCl;) & 1.68 (s, 6H,
CHa), 3.65 (s, 3H, CH;), 7.26-7.89 (m, 4H, Ph).

Synthesis of 2-(2-nitrophenyl)-2-methylpropionic acid (16).

e} OMe 0 OH
NO, NO,

2 N NaOH/MeOH
reflux, 6 hr

15 16

2-(2-Nitrophenyl)-2-methylpropionic acid methyl ester 15 (8 g, 36 mmol) was refluxed in 216
mL of 1 N NaOH (6 eq) methanol/water (1 : 1) solution for 6 h. After evaporation of methanol, the
aqueous solution was acidified with 1 N HCI to pH 2 and extracted with ethyl acetate. The ethyl acetate
phase was then washed with brine, and dried over MgSO,. Removal of ethyl acetate gave 2-(2-
nitrophenyl)-2-methylpropionic acid 16 (5.5 g, 93%) as a yellow solid in. IR (KBr) cm™ 2900 (br), 2600,
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1700; MS (EI) m/z 164.3 (M'-COOH, 3.6%); "H NMR (300 MHz, CDCl3) & 1.71 (s, 6H, CH;), 7.61-7.99
(m, 4H, Ph).
Synthesis of 2-(1-hydroxylisopropyl)-benzyl alcohol (19) [4].

OH

o 1) MeMgBr
2) H,O

18 19

A solution of phthalide (20 g, 149 mmol) in 100 mL. CH,Cl, was added through a dropping funnel
into a 100 mL solution of 3 M MeMgBr in Et,0 at 0-5 °C (ice-salt bath) under N,. The reaction mixture
was stirred at 5-10 °C for 1 hour, and then diluted with ethy! acetate. After washing with aqueous NH4Cl
and brine, it was dried over MgSO,. Removal of organic solvents gave the desired product 19 (25.2 g,
100%) as an oil. MS (EI) m/z 148 (M"-H,0, 83.4%). 'H NMR (300 MHz, CDCl;) & 1.67 (s, 6H, CHj),
3.40-3.60 (b, 2H, OH), 4.81 (s, 2H, HOCH,), 7.20-7.29 (m, 4H, Ph).

Synthesis of 2-(1-hydroxylisopropyl)-benzyloxy-t-butyl-diphenylsilane (20) [5].

HO OH OH OSi(#-Bu)Ph,

t+-BuPh,SiClimidazole
THF

' o

19 20

Flame-dried 3-necked flask was charged with diol 19 (10 g, 60.2 mmol), -butyldiphenylsilyl
chloride (18.1 g, 66.2 mmol, 1.1 eq) and 60 mL of tetrahydrofuran under N,. The mixture was then
cooled to 0 °C. A solution of DMAP (30 mg, 0.004 eq), imidazole(20.5 g, 300.8 mmol, 5 eq) in 90 mL
THF was added slowly. After the reaction mixture was stirred for 1 h, it was diluted with ethyl acetate,
washed with 5% KHSOQ, solution and brine, dried over MgSO,. Removal of solvent afforded the desired
product 20 (22.5 g, 92.4%) as an oil. MS (FAB, NBA) m/z 405 (MH"); '"H NMR (300 MHz, CDCl;) &
1.05 (s, 9H, #-Bu), 1.63 (s, 6H, CH3), 5.01 (s, 2H, OCH,), 7.12-7.68 (m, 14H, Ph).

Synthesis of 2-(1-azidoisopropyl)-benzyloxy-t-butyl-diphenylsilane (21) [6].

OH OSi(#-Bu)Ph, . OSi(#-Bu)Ph,
3

NaN,/TFA -
CH,Cl,
20 21

Yy

To a solution of trifluoroacetic acid (15mL, 14 eq) in 120 mL of CH,Cl, was added sodium azide
(8 g 8eq)at0°C. After 10 min at 0 °C, a solution of 2-(1-hydroxylisopropyl)-benzyloxy-¢-butyl-
diphenylsilane 20 (5.9 g, 14.6 mmol) in 120 mL of CH,Cl, was added dropwise over 15 min. The
reaction mixture was allowed to warm up to room temperature and stirred for 48 h. It was then diluted
with CH,Cl,, washed with sat. KHCO; and brine, then dried over Na,SQ,. After evaporation of solvent
under reduced pressure, the residue was separated by flash column chromatography to give the desired
product 21 (3.4 g, 73% after recovering 1.73 g starting material) as an oil. IR (KBr) em™ 2100 (-N3); MS
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(FAB, NBA) m/z 386 (M*-HN3, 2.8%); "H NMR (300 MHz, CDCl3) 5 1.08 (s, 9H, #-Bu), 1.53 (s, 6H,
CH,), 5.05 (s, 2H, OCH,), 7.30-7.90 (m, 14H, Ph).

Synthesis of 2-(1-azidoisopropyl)-benzoic acid (22) [5].

OSi(t-Bu)Ph, 0. _OH
K 1) TBAF/THF N3
V- 2) PDC/DMF -

L

3) NaClO,, NaH,PO,

21 22

To a solution of 2-(1-azidoisopropyl)-benzyloxy-t-butyl-diphenylsilane 21 (918 mg, 2.1 mmol) in
5 mL of THF was added 3.4 mL of 1 M TBAF (1.6 eq) in THF. The reaction mixture was stirred at room
temperature for 2 h before it was diluted with ethyl acetate, washed with 5% NaHSO, and brine, dried
over Na,SO,. After removal of solvent, the residue was separated by flash column chromatography to
give 2-(1-azidoisopropyl)-benzyl alcohol (300 mg, 73.4%) as an oil. IR (KBr) cm™ 3320 (br, -OH), 2100
(-N3); MS (EI) m/z 149.2 (M'-N3, 3.2%); "H NMR (300 MHz, CDCl;) § 1.75 (s, 6H, CHy), 2.4 (br, 1H,
OH), 4.92 (s, 2H, OCH,), 7.26-7.55 (m, 4H, Ph).

A suspension of 2-(1-azidoisopropyl)-benzyl alcohol (900 mg, 4.7 mmol) and PDC (6.7 g, 3.8 eq)
in 20 mL DMF was stirred at room temperature for 4.5 h. The reaction mixture was filtered through a pad
of celite, washed with water and brine until no color was present in the organic phase, and then dried over
MgSO,. Removal of solvent gave 2-(1-azidoisopropyl)-benzaldehyde as an oil in quantitative yield. IR
(KBr): cm™ 2100 (-N3), 1670 (-CHO); MS (FAB, NBA) m/z 147.2 (M"-N3, 4.9%); '"H NMR (300 MHz,
CDCls) 0 1.80 (s, 6H, CH3), 7.43-7.96 (m, 4H, Ph), 10.90 (s, 1H, CHO)

To a solution of 2-(1-azidoisopropyl)-benzaldehyde (900 mg, 4.7 mmol) in 50 mL of #butanol
and 12 mL of 2-methyl-2-butene was added dropwise with stirring a solution of 2.0 g of NaClO, (5 eq)
and 2.3 g of NaH,PO,-H,0 in 20 mL water. Stirring was continued for 2 h at room temperature before
the reaction mixture was diluted with water and washed with ether. The aqueous phase was acidified to
pH 2 with 1 N HCI solution and extracted with ethyl acetate. The ethyl acetate extract was dried over
Na,S04. Removal of solvent under vacuum, the residue was subjected to flash column chromatography
to give 2-(1-azidoisopropyl)-benzoic acid 22 (620mg, 64%) as a solid. IR (KBr) cm™ 2900(br, -COOH),
2100 (-N3), 1650 (-COOH); MS (FAB, NBA) m/z 206.2 (MH", 11.2%); '"H NMR (300 MHz, CDCL,) &
1.79 (s, 6H, CH;), 7.32-7.53 (m, 4H, Ph), 8.6 (br, |lH, COOH).

Synthesis of 2-(1-azidoisopropyl)-benzoic acid-Doxorubicin conjugate (23).

O OH (¢) Dox
N3 N3

- HBTU, Dox-HCl
DIEA/DMF

22 23

2-(1-Azidoisopropyl)-benzoic acid (12 mg, 0.059 mmol) and HBTU (23 mg, 0.059 mmol) were
dried under vacuum for 1 h before dry DMF was introduced under N,. After the addition of DIEA (15
pL, 0.059 mmol), the reaction mixture was stirred at room temperature for 15 min followed by the
addition of a solution of Dox-HCl (34 mg, 0.059 mmol) and DIEA (15 pL, 0.059 mmol) in 0.5 mL DMF.
The reaction mixture was stirred at room temperature for 1 h, diluted with ethyl acetate, washed with 1 N
HC], sat. NaHCO; and brine, and dried over Na,SO4. After removal of solvent under vacuum, the residue
was subjected to flash column chromatography to obtain the desired doxorubicin conjugate 23 (27 mg,
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62.6%) as a red solid. TLC (CH;OH/CHCL, 1 : 6) R;0.4; IR (KBr) cm™ 3400, 2900, 2100; "H NMR
(300 MHz, CDCly), & 1.33 (d, J = 6.6 Hz, 3H), 1.70 (s, 3H, CHy), 1.74 (s, 3H, CHy), 1.90-1.96 (dd, J =
42, 13.8 Hz, 1H), 1.98-2.04 (dd, J= 5.4, 14.0 Hz, 1H), 2.22 (d, ] = 4.2 Hz, 1H), 2.40 (d, J = 14.3 Hz,
1H), 3.01 (s, 1H), 3.08 (s, 1H), 3.85 (s, 1H), 4.09 (s, 3H), 4.24 (q, J = 6.7 Hz, 1H), 4.30-4.40 (m, 1H),
4.79 (d, J = 4.8 Hz, 2H), 5.31 (s, 1H), 5.56 (d, J= 3.3 Hz, 2H), 6.05 (d, J = 8.1 Hz, 1H), 7.24-8.06 (m,
7H, Ph).

Synthesis of 2-(2-nitrophenyl)-2-methylpropionyl azide (24) and I1-(2-nitrophenyl)-isopropyl isocyanate
(25) [7].

NO, NO, No, N

1) CICO,Et/Et;N toluene

2) NaNj; - reflux, 2 hr
16 24 25

2-(2-Nitrophenyl)-2-methylpropionic acid 16 (1.2 g, 6 mmol) was dissolved in 15 mL of dry
acetone, to which was added slowly triethylamine (0.92 mL, 1.1 eq) under N,. The solution was then
cooled and kept at -5-0 °C when CICO,Et (0.51 mL, 1.1 eq) was added slowly. After stirring for an
additional 15 min, NaN; (780 mg, 2 eq) in 3 mL water was added slowly over 10 min at -5-0 °C. The
stirring was continued for another 30 min at 0 °C before the reaction mixture was poured into cold water
and extracted with methylene chloride. The organic phase was washed with brine and dried over Na,SO,.
Removal of methylene chloride gave the desired acyl azide product 24 (400 mg, 31.3%) as an oil after
recovering 60 mg starting material. IR (KBr) cm™ 2140, 1700; MS (FAB) m/z 235.1(MH", 22.2%); 'H
NMR (300 MHz, CDCl;) & 1.65 (s, 6H, CHs), 7.46-7.99(m, 4H, Ph).

The acyl azide 24 (100 mg, 0.43 mmol) was dissolved in 2 mL of toluene and refluxed for 2 h.
The residue after evaporation of solvent was subjected to flash column chromatography on silica gel to
give the corresponding isocyanate 25 (70 mg, 79.5%) as an oil. IR (KBr) cm™ 2260 (-N=C=0); MS
(FAB) m/z 205.1 (M"-1, 3.5%); "H NMR (300 MHz, CDCl3) & 1.87 (s, 6H, CH,), 7.41-7.52 (m, 4H, Ph).

One-pot synthesis of 2-nitrophenylisopropylamine (25b) from 2-(2-nitrophenyl)-2-methylpropionic acid
e6) [7].

NO, NO, No, N NO, NH,
CICO,EVEt;N Toluene HCl
—_— — —
NaN;, reflux, 2 hr
16 24 25 25b

To a solution of 2-(2-nitrophenyl)-2-methylpropionic acid 16 (1.25 g, 6 mmol) in 10 mL of
acetone was added slowly with stirring 0.92mL (1.1eq) of Et;N. The mixture was cooled to -5-0 °C
before CICO,Et (0.63 mL, 1.1 eq) in 2 mL of acetone was added slowly. The reaction mixture was stirred
for an additional 15 min at -5-0 °C before a solution of NaN; (780 mg, 2eq) in 3 mL water was added
slowly. After stirring was continued for another 30 min at -5-0 °C, the reaction mixture was poured into
25 mL cold water and extracted with toluene (2x25 mL). The organic phase was dried over MgSO, (150
mg acid was recovered from aqueous phase). The toluene extract was transferred to a one necked round
bottomed flask equipped with a reflux condenser; the stirred solution was heated cautiously under reflux
for 1 h on an electric bath. Toluene was then removed at 50 °C with a rotavap; the flask containing the
residual was again fitted with reflux condenser, the o0il was stirred and cooled in an ice bath before 10 mL
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of 8 N HCI was added. The cooling bath was removed and the stirred mixture was gradually heated under
reflux for 10 min. Then evacuated and warmed in a bath at 50 °C for 10 min; 10 mL ice water was added
to the flask while cooled in an ice bath, 30 mL of 3 N NaOH solution was added slowly to adjust the pH
to 12. Ethyl acetate extraction followed by washing with brine, drying over MgSQ,, solvent evaporation
gave the desired product 2-nitrophenylisopropylamine 25b (300 mg, 32%) after flash column
chromatography. IR (KBr) cm™ 3300, 2950, 1500, 1350; MS (FAB) m/z 181.1 (MH", 100%); '"H NMR
(300 MHz, CDCl,) 6 1.58 (s, 6H, CH3), 1.65 (s, 1H, NH), 1.70 (s, 1H, NH), 7.28-7.54 (m, 4H, Ph).

Synthesis of N'-[ 1-(2-nitrophenyl)isopropylcarbamoyl]-5-fluorouracil (26).

Method A [1]
0
5-FU
=0 0
=C
No, N . No, NH
< HN | Et;N/ tol «
3N/ toluene
N -
0] g reflux, 18 hr
25 5-FU 26

Isocyanate 25 (150 mg, 0.7 mmol) and 5-FU (95 mg, 0.7 mmol, 1 eq) were dissolved in 3.5 mL of
toluene. After the addition of 0.1 mL of Et;N, the reaction mixture was refluxed for 18 h. The residue
after evaporation of solvent was subjected to flash column chromatography on silica gel to obtain the
desired 5-FU conjugate 26 (35 mg, 14.3%) as a solid. TLC (EtOAc/PE=1:1) R;=0.5; MS (FAB) m/z
337.1(MH’, 12.4%); HRMS (FAB, NBA) C;4H,4,FN,05 (MH") caled 337.0948, found 337.0950; '"H NMR
(300 MHz, CDCl;) 6 1.88 (s, 6H, CH3), 7.26-7.54 (m, 4H, Ph), 8.32 (d, /= 7.2 Hz, 1H), 9.47 (s, 1H).

Method B [8]
0O
5-FU
c1\(0
No, NH, NO, NH No, NH
Diphosgene/C 5-FUNa
Toluene B DMF -
25b 25d 26

2-Nitrophenylisopropylamine 25b (32 mg, 0.2 mmol) and 5 mg of activated charcoal in 1 mL
anhydrous toluene were stirred under N, at 0 °C. 50 uL of diphosgene (2 eq) was added and the reaction
mixture was stirred at room temperature for 18 h. N, was bubbled through the reaction mixture to remove
excess phosgene; after filtration and CH,Cl, wash, the solvent was evaporated. The residue and 30 mg of
5-FUNa (1 eq) were dried under vacuum for 1 h before 1 mL of anhydrous DMF was introduced under
N,. Stirring was continued at room temperature for 20 h. The reaction mixture was then diluted with
ethyl acetate, washed with water and brine, dried over Na,SO,. After removal of solvent, the residue was
separated using flash column chromatography on silica gel to give the desired 5-FU conjugate 26 (10 mg,
16.7%) as a solid.
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Method C [9]
5-FU\(O
No, NH

5-FU-COCl
DMF
25b 26

T
o

5-FU (20 mg, 0.154 mmol) and 10 mg of active charcoal were dried under vacuum for 1 h. 2 mL
of pyridine was introduced under argon and mixture was cooled down to 0 °C. Diphosgene (40 pL, 0.308
mmol) was added with stirring. After 2 h, N, was bubbled through to remove excess phosgene. After
removal of charcoal, the filtrate containing N'-chloroformyl-5-FU was added directly to 2-
nitrophenylisopropylamine 25b (20 mg, 0.111 mmol). The reaction mixture was stirred at room
temperature for 18 h before solvent was removed by rotavap. The residue was dissolved in acetone and
the pyridinium salt was removed by filtration. Flash column chromatography gave the desired 5-FU
conjugate 26 (23 mg, 50%).

Reduction of N'-[1-(2-nitrophenyl)-isopropylcarbamoyl]-5-fluorouracil (26), kinetic analysis of
cyclization activation process and identification of cyclization activation products.

5- FU\( S-FU\(O /lC])\

Ng, NH HN” “NH
\ a) H,, 10% Pd/C or \_  pH 7.4 buffer
) i, 10% - P > + 5.FU
b) NaBH,, 10% Pd/C 37 °C
10 11

Hydrogenation. N'-[1-(2-nitrophenyl)-isopropylcarbamoyl]-5-fluorouracil 26 (10 mg, 0.03
mmol) was dissolved in 0.6 mL of methanol. After the addition of 2 mg of 10% Pd/C, hydrogen was
introduced through a balloon and the reduction was monitored by HPLC and TLC.

For kinetic analysis, the reaction mixture was centrifuged after 30 min of reduction and an aliquot
of the supernatant was added to pre-warmed 50 mM sodium phosphate buffer (pH 7.4, 37 °C) to give a
total volume of 1 mL in the cuvet. The cyclization reaction was then followed by monitoring the change
in absorbance at 235 nm, which is the absorption maximum for the intermediate aromatic amine 10. The
data was then fitted to first order decay kinetics to calculate the first order kinetic constant and the half
life of the cyclization activation process.

For the identification of products after cyclization, the reaction was allowed to stand at room
temperature for 48 h. At the end of reaction, the catalyst was removed by filtration and solvent by
evaporation. The residue was washed with methylene chloride to give 5-FU (2.3 mg, 59.4%) as a white
solid. The methylene chloride solution subjected flash column chromatography to give the cyclic urea
product 11 (2.8 mg, 53%).

NaBH, reduction. To a solution of N’-[1-(2-nitrophenyl)-isopropylcarbamoyl]-5-fluorouracil 26
(10 mg, 0.03 mmol) in ! mL of methanol was added 1 mg of 10% Pd/C catalyst and 8 mg of NaBH, in
0.5 mL of H;O under N,. After 30 min at room temperature, the catalyst was removed by filtration and
solvent by evaporation. The residue was taken up by ethyl acetate, washed with brine, dried over
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Na,SO,. Both the aqueous phase and the organic phase were analyzed by HPLC and TLC. 5-FU was
found in aqueous phase and the cyclic urea 11 was found in the organic phase. The cyclization reaction
was found to be much faster under this reduction condition. Thus, NaBH, reduction is not suitable for the
kinetic analysis of the cyclization activation process.

TLC (acetone/PE = 1 : 1) R¢0.2 (FU), 0.5 (cyclic urea product 11), 0.9 (protected conjugate 26);
HPLC analysis was performed on a C,5 reversed-phase column (150 x 4.6 mm) using first isocratic
elution of 1.6% acetonitrile for 5 min followed by a gradient elution of 1.6% to 42% acetonitrile in 15
min and final isocratic 42% acetonitrile for additional 5 min at a flow rate of I ml/min and detection
wavelength of both 220 and 280 nm. The retention times for nitro conjugate 9, amino intermediate 10, 5-
FU and cyclic urea product 11 were 28.3, 22.6, 4.59 and 20.48 min, respectively.

Spectra data for the cyclic urea product 11: MS (FAB, NBA) m/z 177.2 (MH", 28%); HRMS
(FAB, NBA) C;oH;3N,0 (MH") caled 177.1028, found 177.1028; "H NMR (300 MHz, CD;0D) & 1.55 (s,
6H, CH;), 6.80-7.60 (m, 4H, Ph).

Spectra data for 5-FU: MS (EI) m/z 130.1(M", 100%); '"H NMR (300 MHz, CDCl;) & 7.59 (s,
1H). The HPLC characteristics were also confirmed by comparison with standard samples.

Key Research Accomplishments
1) Synthesis of protected Linker-Drug conjugates of doxorubicin and 5-FU
e Synthesis of 2-(2-nitrophenyl)-2-methyl-propionic acid-Doxorubicin conjugate (17).
e Synthesis of 2-(1-azidoisopropyl)-benzoic acid-Doxorubicin conjugate (23).
e Synthesis of N'-[1-(2-nitrophenyl)isopropylcarbamoyl]-5-fluorouracil (26)
e Synthesis of N'-(2-nitrobenzylcarbamoyl)-5-fluorouracil (26b)
2) Selective reduction and the kinetic analysis of the cyclization-activation process
e Selective reduction of N’-[1-(2-nitrophenyl)isopropylcarbamoyl]-5-fluorouracil (26)
e Selective reduction of N’-(2-nitrobenzylcarbamoyl)-5-fluorouracil (26b)

e Kinetic analysis of the cyclization-activation process of N'-[1-(2-
aminophenyl)isopropylcarbamoyl]-5-fluorouracil (10)

e Kinetic analysis of the cyclization-activation process of N'-(2-aminobenzylcarbamoyl)-
S-fluorouracil (10b)

Reportable Outcomes

Some of this work was presented at the 217™ national meeting of the American Chemical Society
in Anaheim, California. A copy of the poster is included in the appendices. I expect to publish some of
the research results in at least two scientific papers in the coming year of support.
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Conclusions

Three of the four protected Linker-Drug conjugates were successfully synthesized during the
first year of funding. We have also tested successfully the cyclization activation process for one
conjugate of 5-fluorouracil after selective reduction. This result established chemically the feasibility of
using carbamoyl-5-fluorouracil conjugates as potential prodrugs. Efforts are focused in our laboratory to
synthesize the remaining Linker-Drug conjugate and test the cyclization activation process of other
linker-drug conjugates synthesized. We are on schedule and no major changes are needed in future
years of support. We expect to complete the rest of the projects within the next 18 months.
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Copy of the poster presented at the 217™ national meeting of the American
Chemical Society in Anaheim, California, March 21-25, 1999.

Page 17



g1 9%ed

wer3o1d YoJeasay JIoUe)) eIsoiqd Isusa( Jo Jusuniedaq
{(LSVI0) A30[0U29 | PUE 20USIIS JO JISWOURAPY U 10} JaIa)) BWOYEI0
SIEAWIPIMOOY

L OPd%O01 THEEN O ‘PHEEN 30
_ - T omawom O _NH N°O
0
o s
4 NH
0

HO :o
U\E %01 ‘YHEEN 10
O/Pd %01 ;m

L%
a~ m z:

0 O
¢ PUE p JO UOLINPIL JJIWIWOLY  *p JWIYIS

( swayog) uoques uo wnipejjed 9,01 1940 apLPAYoIoq

wnIpos 10 uoyeusfoIpAY 213m pIsn SUONIPUOD uolonpal sy, "dnoi§ ourue

Burpuodsaniod sy 03 dnox3 onmw a1y Jo uonanpai uodn punodwod jusred
2y} 3589} 0 punoj 21om sanfofeue 1)-s oY) pue YA Nd 24 yog

NOILONAHY DILIANINOILG

u "

oY (2ze) S %E10 N

Oy NI N 10N W2 D1 (T ] INEN (T Iy

R o a0 LU (1 /\/\ FEoN0 N /\/\

Y Nty N0 Ho-% o
u~\f\z._._

o
*(€) poBanoaongy-g

-[1AoweqaBdlApojdypyowt-z-(j1Auagdoayru-7)-z]-1 Jo sisaquig g JwdYIg

(€ 2WAYIS) % JO PIRIA [[e19A0 Uk Yim sdas xis ul proe sjuotdod Aypow
-z-(1Auaydonu-z)-z woxy Surpe)s pazisayjuss sem (g) frorinorongy
-¢ -{1howeqiesiAytelAqieus-z-(jAuaydoniu-z)-z}-1 ‘Sofeue 4-6 YL

(Pauo)) SISTHILNAS

[ 14 or
HO (%€6)
{%L8) 10H 4q pomofio) HORN (€
my/p\@ ‘944 ‘avaa ¥ANd H@ qsseiro Hm\ﬂwwm m \ﬁ@
Hi €
zooozNo o oz~o H0Yp VO
/1
4
o

*(p) suiplanoiong-g
-Ax09p-z-[1KAuocidoadiAyjoum-z-(jAuoydonu-g)-7]-.S Jo SISAPUAS -7 suRYds

*(Z QWAYIS) %ES JO PIOIA [{LIOAO UE Yrim sd3s
In0J ul proe opaddejAusydontu-z woly Suress pazisayIuAs sem ‘(p) SUIpLINOIOng
-§-Ax03p-, z-[jAuordordiAyow-z-(jAusydontu-7)-7]-.s “Fojewe YN UL

SISHH.LNAS

'S100J30

SPIS [EWIUI YIIM AI1ATIOR JSOUBDLILE BALO3[SS SASIYSE Pjnoys spunodumion siy)

‘PRISAT]OP ADEAI]E S1 9SEIONPAIOINIU B AI9YM S[|90 JouIn) Ul 1o sanssyy Jount srxodAy
ur Apueutuiopald Moo o) pauBisep SI SA0QE UMOYS UOLONPIIOIG 9L 30UIg

: = z ﬂa =398
HO=Y 22 s
<© NoR W
-
g =c=ﬁ__05 OJ\ZII.ZIM uononpalolg O NH NO
Z
s ¥
a ﬁﬂ
o
= M QN =Y 99
[4 1o HO=Y 79
:C
150) Mofs
—
Ny uonezijod) cc:o..__uo::m
OH O +° 00
m S El
O (6] o

SUISIUBYIIM UOEANIE pIsodol] *1 dwdgdg

*1 $AWAYOS
Ul M0[9q UMOYS 2k SUISiueoAw uoneanoe pasodord noy] padursep szom Kastow

JAreonmu-g oy Suturejuods ssuiptutiAdolonyy jo (¢ ‘¢) sSrupoid jenusjod omy,

T TdIDNTId NDISHA

“K3191X0) OIUISAS )1 9589109p Sk []om se ‘Adeisipowayd

30 Koeoipys onnaderay oy aseardul Ajjenusjed pjnoo snapoid ssayy, "sj[e0
10Tn} 0) POIAAI[SP SWAZUS 25E}oNpal © Aq 10 sonssy Journ) orxodAy £q pajeanoe
aq pinod jeys sgnrpord surpruiLiAdoonyy szissyyuds pue u1ssp 0) :eos anQ

S[]99 JOWITY 0) PIIIAISP FSEIONPAIONIU B Aq HOYONPaY (q
SaNSS Jowny Justoygap-usdLxo 10 orxodAy ur uoyonpalorg (e
:pa1apisu0d Suraq aIe SWSIEeYol
uoneAnde Jo sadA) om], "s[[eo Jowmng 30811 o1 Ul Ajeony10ads-o1s pajeAnoR aq
PIN0d 9[NOI[OUE MU SY] JEY} OS WSIUBYISUI topeande o33N e Jo uonelodioour
oy ySnonp saurpruLiAdoIonyy Jo axmonys o SUIAJIpoul a1e 9p ‘S[[93 Jowmn)
SE [[oM SE S[[9D [EULIO U} SIN200 YA PUE [)1-§ JO UONBADOR 9AOQE SU T,

“ddnJd pur ),1-§ JO WSIHBYIIW UOHBAHIB PUB JIMJONL)S Y], ] dIn3rg
VNA VNY

1 1 fod=y @Av %_\,SE
k H=¥ @ ¥and
dLOPLS Lo
| dinrs HO 0 nd-s
ammmper ~ i
danpa-g -TEE ,EP.: / \ " °
3sERUAS _ ] iﬁﬂﬁ = l ~o0¥ ﬂ /__\
ourppukyy = DAPES ey dWOS N O A
i NG o #
.:a..s_,q ‘Vosoquoydeond) il NH 0o
wani-s :.ﬁ preamisd u\/,,\
Iﬁiﬂ_ el é
NI-s

1 o.:&E Ul UMOUS ST UOLIBAIOR JO WISIUBYIIU JI3Y ], "SIO0UED

uewny Jo K10LIeA € JO Jusurean ay3 uw pasn saupruiddolonyy a1e (7 “4dnd)

QUIPLINAXO3p-,7-0100[J-§ Pue (7 ‘(1-G) [19RINOION[J-G 'S[[90 SNOISOUED SE [[am

S $onss[) AYI[B3y] 0] DIX0} SJE DIUO 3y} Ul Pasn ST oy} JO IS0 “ANANOS[IS JO
o] S ST 190uED Jo Juaunean oyt ut Adersyrowayd yim wejqoad 1ofew oy,

NOILDNJOYINI

‘payuasaid aq [[im snipoid [enusiod ay) Jo uoneanoe
SALIONP3I OJSWIOI PUE SISAPUAS oy ], ‘dnoad ounue ay) 03 dnoid oxu sy Jo
UOISIZAUO) Ja}je 15B] AIoA 3q 03 punoj sem s3rupoid enuajod sy woly ‘M1.1-6 10
YAN Srup aAnoe 9u Jo 9SE[1 BY], "9SEIONPIIONIU B £q PAIBAIIOE 3q 10 S[|90
Journy o1xodAy 1931e) 03 N4-¢ pue YN Jo sfrupoid jenuajod se pszisayauiks
aram [1orInoIon[j-g-[1AouwreqresjAyisiAsw-z-(jAusydonw-z)-z1-1 pue
supunolonyy-g-£xoap-, g-{jAuordoidiAysw-z-(jAusydoniu-g)-z]- ¢ ‘Aanosies
-Iowm] pue A3I[1qe[ieagolq [e10 daoxduii 0], ‘s1onpoid uoneprIGop AnSEUl
PUB SANDE 110G 0} WSI{OGRIIW JAISUA)XI Puk ‘9durIea[s poojq pides ‘A11o1xo}
YS1Y ‘KI1AI199]9S-I0UINY) JO NOB] SPN[OUI YIIYM ‘SYIBGMEIP JO JoqUINU B WOIJ
1a3ns Aoy] "siownm Jo K1sHeA B JO JUaUnean ays 10 pasn sauipruiidoonyy
oMy 318 (YA()) SuIpLNAX03P- Z-010n[J-G puE ((14-§) [1orInoIon|-g

Lovialsayv

06IEL MO “G1D vuwoyvpyQ “Usua) Saud1dS YIVIH DUOYDIYO JO A154241U1)
‘AovurivyJ fo 232]10)) ‘Sa0ud108 [DIN2IDULIDY ] JO JudUiliDda (]

Sunyory Y se[8no(g pue ‘nry uig ‘ny utbguo]

qddnyg pue [} 4-¢ jo

SSNIPOIJ [81IUI0J JO UOTIBAIIOY IAIINPIY INOWIWOIE PUB SISOYJUAS




DEPARTMENT OF THE ARMY

JS ARMY MEDICAL RESEARCH AND MATERIEL CCMMAND

534 3C0TT S

SDRT DETRICK MARYLAMND 21702-5012

REET

REPLY TO
ATTENTION OF:

MCMR-RMI-S (70-1y) 28 July 03

MEMORANDUM FOR Administrator, Defense Technical Information
Center (DTIC-0OCA), 8725 John J. Kingman Road, Fort Belvoir,
VA 22060-6218

SUBJECT: Request Change in Distribution Statement

1. The U.S. Army Medical Research and Materiel Command has
reexamined the need for the limitation assigned to technical
reports written for this Command. Request the limited
distribution statement for the enclosed accession numbers be
changed to "Approved for public release; distribution unlimited."”
These reports should be released to the National Technical
Information Service.

2. Ppoint of contact for this request is Ms. Kristin Morrow at
DSN 343-7327 or by e-mail at Kristin.Morrow@det.amedd.army.mil.

FOR THE COMMANDER:

o ‘ ai> ~f -
:;;%Qﬁgggd, ¥\AvVJ;£;4hLirf

M. RINEHART
Deputy Chief of Staff for
Information Management

Encl



ADB233865
ADB265530
ADB244706
ADB285843
ADB240902
ADB264038
ADB285885
ADB274458
ADB285735
ADB286597
ADB285707
ADB274521
ADB259955
ADB274793
ADB285914
ADB260288
ADB254419
ADB282347
ADB286860
ADB262052
ADB286348
ADB264839
ADB275123
ADB286590
ADB264002
ADB281670
ADB281622
ADB263720
ADB285876
ADB262660
ADB282191
ADB283518
ADB285797
ADB269339
ADB264584
ADB282777
ADB286185
ADB262261
ADB282896
ADB286247
ADB286127
ADB274629
ADB284370
ADB264652
ADB281790
ADB286578

ADB264750
ADB282776
ADB286264
ADB260563
ADB277918
ADB286365
ADB275327
ADB286736
ADB286137
ADB286146
ADB286100
ADB286266
ADB286308
ADB285832



